Prolonged movement times in elderly persons
I
T is well established that motor performance slows with increasing age (Welford, 1982) ; however, the locus of this slowing for goal-directed actions has not been clearly defined. Early studies examining aging effects on movement behavior used only a global performance measure of movement time (MT). For example, Welford and colleagues (Welford, Norris, & Shock, 1969 ) measured MT as 20-to 80-year-old participants performed a rapid aiming task. Increasing age, after the age of 40, was associated with longer MTs (Welford et al., 1969) . They suggested that the locus of the age-related increased MT was not in the initial ballistic phase of the movement, but rather in the final approach to the target. The methodology employed, however, did not provide a means of decomposing the movement into phases to test this hypothesis.
The recent inclusion of kinematic analysis into the examination of goal-directed actions such as aiming has provided a means of delineating the phases of the movement. The temporal components of discrete aiming have usually been defined in terms of acceleration and deceleration phases which are separated at the moment of peak velocity (e.g., MacKenzie, Marteniuk, Dugas, Liske, & Eickmeier, 1987) . Abrams and colleagues have defined two movement phases in discrete aiming that are separated through a more elaborate algorithm (Abrams, Meyer, & Kornblum, 1990; Pratt, Chasteen, & Abrams, 1994) . These methods of partitioning the movement are alike, however, in that both define an initial ballistic phase followed by a deceleration phase.
Kinematic analysis of the trajectories of elderly participants performing rapid discrete aiming movements has revealed that elderly adults, compared to young adults, spend more time in the target approach or deceleration phase (Cooke, Brown, & Cunningham, 1989; Goggin & Meeuwsen, 1992; Haaland, Harrington, & Grice, 1993) , much as Welford and colleagues had suggested (Welford et al., 1969) . The deceleration phase, particularly in a high accuracy condition, is the period of sensory processing to ensure contact with the target (MacKenzie et al., 1987) . In this phase, movement adjustments may be seen as modifications in the trajectory to assure target impact. Thus, it has been suggested that the slowing of goal-directed movements in elderly adults is due, at least in part, to slowing in sensory processing.
Evidence for age-related deficits in the accelerative phase is less compelling. Some investigators have reported that there were no differences in peak velocities between young and elderly adults performing a goal-directed aiming movement as rapidly as possible Darling, Cooke, & Brown, 1989; Haaland et al., 1993) . In a discrete aiming task, Goggin and Meeuwsen (1992) found that the elderly spent more absolute time in the accelerative phase; however, there are generally no age-related differences reported in the proportion of time spent in this phase (Goggin & Meeuwsen, 1992; Haaland et al., 1993; Morgan et al., 1994) . Thus, it is unclear whether age-related deficits in ballistic control contribute significantly to movement slowing.
The speed in which accurate goal-directed aiming movements can be performed is a function of the index of difficulty (ID) as described by Fitts' Law (Fitts, 1954) . The ID is defined by the distance to a target and the width of the target, such that MT = a + b [log 2 (2D/W)]. In this equation, " a " and " b " are constants that are derived empirically. Task complexity increases (i.e., ID) as the distance to the target increases and the width of the target decreases.
Fitts' Law applies to discrete aiming in which the task is to move from a start position to a single target (Fitts & Peterson, 1964) and to continuous or reciprocal aiming (Fitts, 1954) , in which the task is to move back and forth tapping P94 Downloaded from https://academic.oup.com/psychsocgerontology/article-abstract/51B/2/P94/546637 by guest on 04 March 2019 alternately on two targets for a predetermined amount of time (e.g., 10 sec). However, continuous aiming is not simply a concatenation of multiple trials of discrete aiming (Guiard, 1993) . The sensorimotor control demands of continuous aiming differ from those of discrete aiming; therefore, the temporal partitions used for discrete aiming are not completely appropriate for continuous aiming.
In a continuous aiming task, one must evaluate the success in hitting the target which is reflected in dwell time, or time on target (Adam, van der Bruggen, & Bekkering, 1993; Bradshaw, Bradshaw, & Nettleton, 1990) , and, at the same time, initiate a ballistic reversal toward the other target. Thus, rapid on-line sensory processing is necessary at target contact. This temporal component can be defined as reversal time, the interval that includes the final target approach, target impact, dwell time, and lift-off to reverse direction. It has been shown that in continuous aiming for a relatively high accuracy condition (i.e., 5.21 ID), the target approach is not composed solely of a deceleration phase, as it is in discrete aiming. The performer may incorporate a second ballistic acceleration down to the target (Adam et al., 1993; Winstein & Pohl, 1995) and thus use target impact to decelerate the limb and aid in the reversal. Therefore, the temporal component that defines the period in which adjustments are made in the trajectory is not purely deceleration but adjustment time, that interval that includes the downward approach to the target prior to the initiation of the final ballistic acceleration down to the target.
Hand differences in motor performance have been studied extensively in young adults (e.g., Roy, Kalbfleisch, & Elliott, 1994) ; however, there is a paucity of literature regarding these differences in elderly individuals. Generally, investigations into age effects on movement performance have studied only right-hand performance in righthand dominant individuals (e.g., Pratt et al., 1994) . There have been reports that hand differences were more pronounced in elderly compared to young adults when speed was stressed (Meudell & Greenhalgh, 1987; Weller & Latimer-Sayer, 1985) . However, when accuracy was stressed (Meudell & Greenhalgh, 1987) or movements were performed slowly (Morgan et al., 1994) , hand differences were the same regardless of age. Aiming movements common in everyday life with dual goals of speed and accuracy may be performed with either hand. Thus, the performance of both hands was included in this study to explore possible differences in hand effects as a function of age.
The purpose of the present study was to investigate the nature of age-related movement slowing in a continuous, goal-directed aiming task as a function of increasing accuracy demands. A secondary purpose was to explore for any possible differences in hand performance as a function of age. Specifically, kinematic analyses of rapid, reciprocal, goal-directed aiming movements of young and elderly adults were used to provide information regarding the locus of the commonly reported speed deficits observed in the elderly.
If elderly people have difficulty related primarily to sensory processing, the performance of the young and elderly should not differ in the ballistic phases of the movement. In contrast, age-related difficulty in sensory processing would manifest as prolonged adjustment and reversal times, including that part of the reversal spent on target. In that the sensory processing demands increase as accuracy demands increase (Wallace & Newell, 1983) , this would be most evident in a high accuracy condition. An additional prediction, if there are age-related deficits in on-line or feedforward sensory processing, is that the trajectories of the elderly would contain a greater number of adjustments. Given the absence of clear age-related hand differences in the performance of goal-directed movements, we predicted that the differences in performance between hands would be the same for both age groups.
METHOD

Participants
Twelve right-hand dominant female adults participated in this study: six young (M = 24.8 ± 1.0 yrs) and six elderly volunteers (M = 71.2 ± 6.6 yrs). All participants were free of orthopedic, neurological, and visual problems that may have interfered with their performance in this study. All the elderly were independent community dwellers, able to drive automobiles, and did so as part of their daily activities. None participated in any formal exercise programs; however, all participated in social organizations in their communities.
Apparatus and Task
The experimental apparatus consisted of a millisecond timer, a lightweight hand-held stylus, a tapping board (Lafayette Instruments 32012) with two metal target plates, and a single impulse counter (Lafayette Instruments 58022). The task required the seated participant to move the stylus freely for 10 sec as fast and accurately as possible on one or between two targets, depending on the condition. Each 10-sec bout constituted a trial. Each trial was videotaped using standard two-dimensional kinematic techniques at a 120 Hz sampling rate (Figure 1 ).
There were three conditions as defined by ID (Fitts, 1954) . The Low ID (0 bits) condition required the participant to tap the stylus repetitively on the ipsilateral 8 cm-wide target. The Medium ID (3.21 bits) condition required the Camera View participant to tap alternately between two 8 cm-wide targets positioned 37 cm apart. The High ID (5.21 bits) condition required alternate tapping between two 2 cm-wide targets 37 cm apart. Pilot work revealed that target misses may occur in a low ID two-target condition when performing continuous aiming for 10 sec without vision. Thus, in order to assure that at least one accuracy condition (i.e., Low ID) could be performed without the need for visual feedback, it was necessary to eliminate the horizontal direction reversal that is inherent in two-target conditions.
Procedure
All participants read and signed an approved institutional review board consent form prior to participation in the study. The participant was seated midline to the tapping board such that movements were made in the frontal plane. Before each trial, participants were instructed to hit the target(s) as fast and accurately as possible for 10 sec. Acceptable trials were those in which the number of target misses was no greater than 5% of the total number of hits. After each trial, the participant was informed whether the trial was acceptable and was told the number of target hits and misses to encourage both speed and accuracy.
Three acceptable trials per condition were performed before the next condition was attempted. A practice trial was allowed prior to data collection at each new condition. The order of the three conditions was counterbalanced across participants, and they performed with each hand in a randomized sequence. Performance of a full complement of acceptable trials (3 trials x 3 IDs x 2 hands = 18 trials/ participant) took approximately 30 minutes.
Data Analysis
The trajectory of a reflective marker on the stylus tip was digitized using Peak Performance software and hardware to obtain spatial coordinates. Displacement data were conditioned using a digital 4th order Butterworth low pass filter with a 14 Hz cut-off frequency. Velocities were derived from the filtered displacement data using a five-point central difference algorithm.
Previous work has shown that the horizontal (x) and vertical (y) component trajectories reveal unique contributions of spatial and temporal relationships at different phases of the movement (Winstein & Pohl, 1995) . Thus, all analyses were performed using the individual x and y components rather than the resultant.
A custom software analysis program (Genova, 1993 ) was used to extract the dependent measures for each movement cycle defined as lift-off to lift-off ( Figure 2A ). Averages were computed across cycles for each trial and then across the three trials in each condition performed with each hand. Dependent measures included movement time (MT), which was defined as the absolute time of a cycle, peak velocities in x and y, and movement adjustments. Careful inspection of the velocity time-series plots for the x and y components of the trajectories revealed that adjustments were largely restricted to the vertical component of the movement. Thus, adjustments were defined as zero-velocity crossings that were additional to those that occur within a cycle at target contact and at peak vertical displacement ( Figure 3D ). "a.
• Absolute and relative time of four functional spatialtemporal movement periods were calculated. Three of these periods were described by the vertical movement component: (a) reversal time, which was defined as the interval between peak down velocity and peak up velocity of the next cycle ( Figure 2D ); (b) dwell time, which was defined as that part of reversal time in which the stylus was on the target ( Figure 3E-H) ; and (c) adjustment time, which was the interval between maximum vertical displacement and peak down velocity ( Figure 2D) . A fourth period, described by the horizontal movement component, was acceleration time, which was the interval between lift-off and peak velocity ( Figure 2B ). It should be noted that acceleration time includes that portion of reversal time from lift-off to peak upward velocity and can include the beginning of the adjustment time.
Average dwell time for each trial was estimated in a twostep process using DATA-PACII software from RUN Technologies (Laguna Hills, CA; a commercially available scientific display, processing, and analysis environment). First, time on target for each cycle in a trial was estimated from the vertical displacement profile by placing a horizontal baseline at the minimal level that would still capture the target hit for all cycles within the trial. Second, lines with slopes of-.001 and + .001 were drawn on the vertical velocity profile at the beginning and end of each target hit, respectively, as defined from step one. Absolute dwell time for each cycle was then calculated as the time between the intersection of each slope line with the vertical velocity profile. The dwell times for each cycle were averaged to provide the mean dwell time per trial. Lastly, the proportion of MT spent in dwell time per trial was calculated to provide a measure of relative dwell time.
To evaluate if a linear relationship existed between MT and ID, as predicted by Fitts (1954) , a linear regression Downloaded from https://academic.oup.com/psychsocgerontology/article-abstract/51B/2/P94/546637 by guest on 04 March 2019 analysis was performed. In addition, separate three-factor, 2 Age (Young, Elderly) x 3 ID (Low, Medium, High) x 2 Hand (Right, Left) analyses of variance (ANOVAs) were conducted for each dependent measure except peak horizontal velocity and the absolute and relative time of acceleration. These latter measures were not applicable in the Low ID condition, which has no horizontal component. Thus, the three-factor ANOVAs for these three measures consisted of only two ID conditions for the second factor. Significance was set at/? < .05 for all analyses. Post-hoc linear contrasts were performed using a Bonferroni correction to determine the locus of any significant main effects and interactions. hits. These trials were not used for subsequent analyses and were, in fact, repeated to obtain the required number of acceptable trials. Young and elderly participants had no error trials in the Low ID condition; they had the largest number of error trials in the High ID condition when using their right hand. (Young: Medium R/L = 4/1, High R/L = 13/4; Elderly: Medium R/L = 3/0, High R/L = 8/7). There was no reliable main effect of Age and there were no reliable interactions with Age.
Movement time. -The elderly participants had significantly longer MTs than the young [F(l,10) = 27.8, p < .0005], and were more affected by increasing accuracy demands (Table 1) . Mean age differences were 30 msec in the easiest condition but increased to 80 msec in the most difficult condition. These differences were reliable as demonstrated by the Age x ID interaction for MT [F(2,20) = 4.3, p < .03]. Post-hoc analyses showed that the elderly were significantly slower than the young only in the High ID condition [F(l,10) = 35.4, p < .0002]. No other interactions with Age were significant.
Kinematic Landmarks
Peak horizontal velocity. -Across both two-target conditions the elderly achieved lower peak horizontal velocities (Table 1) , but the magnitude of the age difference was larger in the Medium ID condition, resulting in an Age X ID interaction [F(l,10) = 6.6, p < .03]. Indeed, the post-hoc analysis verified that the age difference was due to a lower peak velocity for the elderly in the Medium ID condition [F(l,10) = 12.1, p < .006]. Right-and left-hand performance did not differ as a function of age. Peak vertical velocities. -Across conditions and hands, young and elderly participants attained similar peak vertical velocities with a mean of 72 cm/sec for upward velocity and 92 cm/sec for down velocity. There was no significant Age effect or Age interaction (Table 1) .
Movement adjustments. -The elderly made more than five times the number of adjustments compared to the young, resulting in a significant Age effect [F(l,10) = 10.9, p < .008]. Further, in right-hand performance, the elderly demonstrated a marked increase in the number of adjustments in the High ID condition (Figure 4 Figure  5A ,E). Post-hoc analyses revealed that the locus of this interaction was the High ID condition, F(l, 10) = 33.6, p < .0003.
There was a trend for the young to spend a greater proportion of time in the reversal period in the Low and Medium ID conditions compared to the elderly (Table 2) , but this trend was reversed in the High ID condition, resulting in an Age x ID interaction [F(2,20) = 4.4, p < .03]. Post-hoc tests, however, revealed that the relative time spent in the reversal was not significantly different between age groups for any single ID condition. There were no Age interactions with hand for the absolute or relative amount of reversal time.
Dwell time. -There was a tendency for the elderly subjects to have longer dwell times compared to the young across IDs (Elderly M = 48 msec, Young M = 37 msec); however, this difference failed to reach significance ( Figures  5B,F) . Prolonged dwell times with the left nondominant hand were evident in the performance of the elderly ( Figure  6 ). These performance differences were reliable as revealed by an Age x Hand interaction [F(l,10) = 6.7, p < .03]. The three-way interaction of Age x Hand x ID was not significant.
Relative dwell time tended to be greater during performance with the left hand, particularly for the elderly (Elderly M R/L = 16%/20%, Young M R/L = 16%/17%). There was, however, no significant main effect of Age, or interaction with Age (Table 2) .
Adjustment time. -The elderly spent an average of 100 msec in adjustment time, whereas the young spent 83 msec. This resulted in a significant Age effect [F(l ,10) = 10.3, p < .01 ]. There was a trend for this age difference to be greater with increasing ID (Figure 5G ), but none of the interactions with Age were significant ( Figure 5C ). The young and elderly did not significantly differ in the proportion of MT spent in adjustment time (Table 2) .
Acceleration time. -Across two-target conditions, the elderly had longer acceleration times (M = 206 msec) compared to the young (M = 176 msec). This age-group difference was significant, F(l, 10) = 5.5, p < .05 ( Figures  5D,H) . Accuracy demands or hand used did not affect this difference, as evidenced by the absence of reliable Age X ID or Hand interactions.
Although young and elderly participants spent the same proportion of MT in acceleration when using the left hand (56%), the young spent 57% and the elderly spent 54% when using the right hand. This difference was significant as evident by an Age x Hand interaction [F( 1,10) = 19.9,/? < .002]. There were no other significant effects (Table 2) .
DISCUSSION
The findings of the present study suggest that deficits in feedforward and on-line sensory processing play a major role in age-related movement slowing. While others have argued that the elderly are less capable of using feedback information than the young (Pratt et al., 1994) , this analysis of a continuous motor task suggests that the elderly rely more on feedback than the young. It appears that young adults utilize on-line and feedforward processes to achieve the goals of speed and accuracy in movement, while the elderly rely more on slower feedback processes. The two lines of evidence that support this conclusion are that the elderly, compared to the young, demonstrated (a) a greater number of movement adjustments coupled with a longer absolute adjustment time, and (b) a longer absolute reversal time.
The trajectories of the elderly participants, compared to those of the young, contained a greater number of adjustments. This was seen especially in the High ID condition during performance with the right hand. Movement adjustments have been defined as reversals in direction, extra zero crossings in the velocity profile (Haaland & Harrington, 1989) , and fluctuations in the velocity (Milner, 1992) or acceleration profile (Goggin & Meeuwsen, 1992) . Fluctua-tions, however, may represent subtle ongoing, feedforward adaptations that are a continuous form of regulation. Movement adjustments may be more appropriately defined as direction reversals and zero velocity crossings in that these represent a discrete, feedback-based form of regulation (Chua & Elliott, 1993) .
Discrete adjustments in the trajectories of the elderly were evident in the vertical velocity phase plane ( Figure 7A ). Zero-velocity crossings, beyond those expected at target hit and peak vertical displacement, were noted only in the adjustment time. Reversals in vertical direction were seen as loops. In contrast, for young participants, the phase plane was notable for the lack of discrete adjustments ( Figure 7B ). There were, however, fluctuations during the adjustment time, indicative of continuous regulation. Thus, our data suggest that the young utilize feedforward control, interpreting visual cues appropriately to predict the path of the trajectory, and on-line control, simultaneously monitoring the accuracy of the trajectory while moving rapidly to the target. In contrast, the elderly may stop downward progression to the target, as evident from zero-velocity crossings, as they use discrete feedback.
A greater frequency of discrete adjustments for the elderly was also seen in a discrete aiming task . It is not known if the discrete adjustments noted in this and the present study are necessary for accuracy. It may be that these adjustments are a consequence of, as some have suggested (Goggin & Meeuwsen, 1992) , a strategy reflecting a greater concern for accuracy. However, if the elderly had a greater concern for accuracy, they would likely have maintained a slow approach to the target with discrete adjustments present until target impact. Instead, there were no age-group differences in peak down velocities (Table 1) as performers moved rapidly to the target without further trajectory modifications (Figure 7) .
Coupled with the frequency of adjustments, the elderly subjects demonstrated longer adjustment times. This finding is compatible with those studies that reported longer deceler- ation times for the elderly in the performance of discrete movements Goggin & Meeuwsen, 1992; Haaland et al., 1993) , and longer corrective phases (Pratt et al., 1994) . Similar to the decelerative portion of a discrete aiming task, the adjustment period is that time in which visual, and perhaps proprioceptive, sensory processing is necessary to ensure target hit, as evidenced by the discrete and continuous adjustments aforementioned.
The elderly participants in the present experiment had longer adjustment times regardless of the accuracy demands. We had expected longer adjustment times particularly in the High ID condition, because visual processing is necessary for accurate performance even in discrete aiming in conditions above 4.58 bits (Wallace & Newell, 1983) . In fact, inspection of the magnitude of the age-group differences shows the greatest increase in time for the High ID condition ( Figure 5G ). The age difference in adjustment time could be explained simply by a longer remaining distance to the target for the elderly. However, an analysis of the horizontal distance traversed at the time of peak vertical displacement failed to reveal any effect of Age, or interaction with Age. At peak vertical displacement in the Medium ID condition, the elderly had traversed 57% and the young 54% of the distance to the target. In the High ID condition, both age groups had traversed 46% of the distance at peak vertical displacement.
The second line of evidence for age-related deficits in sensory processing is that the elderly had significantly longer reversal times compared to the young, particularly in the High ID condition. This was due, at least in part, to significantly longer dwell times with left-hand performance for the elderly. To minimize reversal time, performers may accelerate to target impact, actually using the target to decelerate the limb (Teasdale & Schmidt, 1991) and rebound off the target in the initiation of the movement to the opposite target. This strategy is displayed in the velocity profile as a rapid increase in downward velocity followed by a rapid approach, or a "plunge," to the target. The absence of age differences in vertical velocity and the characteristic plunge noted in the trajectories of participants in both age groups ( Figure 3D ,H) suggest that both age groups utilized this strategy to minimize reversal time.
Minimizing dwell time would necessitate evaluating success in hitting the target and concurrently initiating a ballistic reversal. The prolonged dwell time for the elderly in lefthand performance therefore reflects a deficit in rapid, on-line sensory processing.
It is unclear why longer dwell times were seen for the elderly only with left-hand performance. Increasing asymmetry in hand performance has been documented in the elderly with increasing task complexity (Mitrushina, Fogel, D'Elia, Uchiyama, & Satz, 1995) . Age-related slowing with the left hand has been attributed to the hypothesis that the right hemisphere ages more rapidly than the left (Meudell & Greenhalgh, 1987) . Little support was found for this hypothesis in a recent evaluation of age-related changes in cognitive abilities (Cherry, Hellige, & McDowd, 1995) . It may simply be that sensorimotor deficits are more pronounced in the less-practiced hand. Indeed, age-related hand differences have been shown to resolve with practice (Weller & Latimer-Sayer, 1985) .
It is possible that the prolonged dwell times were due to deficits in muscle recruitment. A rapid reversal requires a cessation of agonist activity and the concomitant recruitment of antagonist activity. Indeed, electromyographic changes with aging are well documented (see Welford, 1984 , for a review). The pattern of our findings, however, is not compatible with this hypothesis. The fastest reversal times for all participants were in the Low ID condition. Given the lack of age-group differences in this condition, the elderly were apparently able to generate these rapid changes in muscle recruitment as well as the young. Even in the Medium ID condition, which required a horizontal direction reversal, the age-group differences were not significant.
Some of the data would suggest that the elderly have difficulty generating the force necessary to perform ballistic movements. Reliable findings were found for peak horizontal velocity in the Medium ID condition and absolute acceleration time across both two-target conditions. However, these differences may also be explained by age-related deficits in on-line and feedforward processing. It has been shown in discrete aiming that young and elderly adults visually monitor the entire movement (Haaland et al., 1993) regardless of the accuracy requirements. Chua and Elliott (1993) have suggested that important information is gained by visually monitoring the early phase of the movement in order to plan and perform subsequent adjustments. In addition, visual memory of target location is known to deteriorate beyond 2 seconds (see Elliott, 1990 , for a review), indicating that visual monitoring throughout continuous aiming may be important. Thus, age-related deficits in visual processing could account for the lower peak horizontal velocity and longer accelerative time demonstrated by the elderly.
An interesting finding, and consistent with that of discrete aiming (Goggin & Meeuwsen, 1992; Haaland et al., 1993; Morgan et al., 1994) , was that few differences were found in measures of relative time. This suggests that young and elderly adults use similar temporal strategies, despite differences in absolute time.
There are some limitations to this study that must be acknowledged. First, caution must be observed regarding the generalizability of these findings. Our sample population was restricted to females. It has been reported that elderly men attain higher velocities than elderly women (Phillips, Bruce, Newton, & Woledge, 1992) . However, some studies have failed to find gender differences in elderly persons in upper extremity motor performance (Goggin & Stelmach, 1990; Mitrushina et al., 1995) . Second, it is not known if the elderly participants in our study were capable of faster MTs than those demonstrated. There is evidence that in conditions in which speed is emphasized or MT is controlled, young (Latash, 1993) and elderly (Morgan et al., 1994) adults can move at higher speeds without sacrificing accuracy. By similar experimental conditions, the elderly participants in our study may have achieved the MTs of the young and still maintained our stringent accuracy criterion.
In conclusion, these findings support the hypothesis that the locus of movement slowing in the elderly in the performance of a continuous aiming movement is in on-line and feedforward sensory processing. The elderly demonstrated a greater number of discrete adjustments coupled with longer adjustment times, and longer reversal times compared to the young. Aging deficits in processing sensory information may also account for the movement slowing found in the horizontal accelerative time of the easier two-target condition. Although the relative time measures suggest similar temporal strategies, it appears that the elderly are less adept at using feedforward and on-line processes to assure accuracy during a continuous aiming task. Thus, the prolonged MTs of the elderly may be due to their greater reliance on slower feedback processes. In addition, age-related motor deficits appear to differ between hands. This may provide insight into central sensorimotor processing associated with aging, and merits further investigation.
